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bstract

Human papillomavirus virus-like particle (HPV VLP) HPV vaccines currently evaluated for licensing are likely to be available soon.
icensure will be based on evidence that the vaccine is well tolerated and provides near complete type-specific protection against HPV

nfections and their resulting lesions in the first few years after vaccination. Several important questions will remain to be answered after
icensure to guide vaccine implementation and to permit the rational evaluation of vaccination in cancer prevention programs. These include
he long-term safety and efficacy of vaccination, the optimal ages for vaccination, efficacy against HPV types not included in the vaccine
nd against existing infections, and efficacy in males. Modulators of vaccine efficacy (e.g., HIV infection) and immune mechanisms of
ong-term protection also remain to be defined. The real-world effectiveness of vaccination programs will need to be assessed. Issues related
o the implementation of a vaccine that targets pre-adolescents and early adolescents and to the acceptability of a cancer vaccine targeted
gainst a sexually transmitted infection will need to be understood before vaccination programs can be successful. It is hoped that continued
mprovements to the current HPV vaccines will lead to the introduction in future years of second generation vaccines that simplify delivery

nd/or expand its coverage. Finally, the natural history of HPV types not covered in the candidate vaccines will need to be carefully studied
ollowing vaccination. Public health authorities in various countries will play a pivotal role in determining if these questions are answered in
timely manner.
ublished by Elsevier Ltd.
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. Introduction

Published data on the first-generation virus-like particle
VLP) HPV vaccines suggest that HPV vaccines produced
y Merck Pharmaceuticals (HPV-6/11/16/18 vaccine,
ardasil) and GlaxoSmithKline (GSK) Biologicals (HPV-
6/18 vaccine, Cervarix) are highly effective at preventing

ersistent infection and cytological lesions associated with
he target HPV types. Large-scale phase III efficacy trials are
nderway. These ongoing efforts are discussed in Chapter 13
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f this monograph. Results from these trials will provide the
ata on vaccine safety and efficacy necessary for licensure
f these two vaccines in various countries in the near
uture.

While initial vaccine licensure will be based on evidence
f short term (<5 years) safety and efficacy, many ques-
ions remain to be answered to guide important decisions
bout whether and how country-specific vaccination pro-
rams should be implemented. Unlike other vaccines already

n the market, the HPV vaccine will be licensed at a time
hen effective secondary prevention alternatives exist in

ome regions for the prevention of HPV-associated cervi-
al disease (cytological and HPV-based screening) [1,2], and

mailto:hildesha@exchange.nih.gov
dx.doi.org/10.1016/j.vaccine.2006.05.102
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hen other effective vaccines (e.g., rotavirus) [3,4] that target
mportant public health problems are competing for lim-
ted resources in countries with a high disease burden. HPV
accines also differ from most other available vaccines in
argeting an adolescent age group not previously the focus
f vaccination efforts in most countries. This makes imple-
entation of vaccine programs more difficult, complex, and

otentially costlier than for other vaccines. In addition, the
ain disease to be prevented is cancer, which occurs years

fter the target age for vaccination, and HPV is a sexually
ransmitted infection making vaccination in early adoles-
ence potentially controversial.

This chapter focuses on summarizing some of the impor-
ant questions that need to be answered to guide rational
mplementation of HPV prevention programs worldwide.

hile some of these questions can be answered from exist-
ng or already planned studies, others may require extended
ollow-up of participants in current studies and/or the estab-
ishment of new or longer term studies. Since, these studies
ill be conducted post-licensure, designs other than classical

andomized clinical trials may be required.

. Gaps in our understanding

The remainder of this chapter will focus on describing
mportant questions that are expected to remain unanswered
t the time of initial licensure of virus-like particle HPV
accines. Specific studies designed to address some of the
uestions raised herein will be discussed in the chapter that
ollows (see Chapter 28).

.1. Questions regarding vaccine efficacy

.1.1. Long-term safety profile
Results from phase II trials suggest that VLP-based HPV

accines are safe and well tolerated (see Chapter 13). Phase
II pivotal trials should provide additional safety data for a
eriod of up to 4 years on a group of close to 50,000 indi-
iduals. However, since licensure is likely to occur based
n interim data obtained after an average of <2 years of
ollow-up post-vaccination, continued active follow-up of
articipants in phase III trials and active safety assessment in
ost-licensure phase IV trials will be important to our under-
tanding of the long-term safety of HPV vaccines. Long-term
afety data is essential for an HPV vaccine, since it will likely
arget hundreds of millions of young, healthy individuals
orldwide who are otherwise not subject to epidemiological

urveillance. For example, the HPV vaccine will target indi-
iduals in adolescence and young adult life, a period when
everal chronic diseases are often first diagnosed (e.g., dia-
etes and autoimmune conditions). Determination of whether

isease rates after vaccination of young individuals occur at
xpected population rates or represent adverse experiences
inked to vaccination will require careful and active follow-
p of vaccinated populations.

t
a
d
i
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.1.2. Vaccination of young women and pregnancy
HPV vaccination will likely be offered to women at or

lose to their peak reproductive ages. The risk to a devel-
ping fetus from vaccination during pregnancy is primarily
heoretical. No evidence exists of risk from vaccinating preg-
ant women with subunit viral vaccines [5,6]. Data from HPV
accine trials to date have not suggested any adverse effects
n pregnancy outcomes. Nonetheless, since women in their
eproductive prime may be included in populations targeted
or HPV vaccination, the evaluation of the effects of vaccina-
ion on pregnancy and pregnancy outcomes will be important.
nly careful and active safety assessment post-licensure will

nable a formal and comprehensive evaluation of this issue.

.2. Questions regarding vaccine efficacy

.2.1. Duration of protection
Establishing duration of protection following HPV vac-

ination is of paramount importance. Data available to date
uggest that HPV vaccines are close to 100% effective in the
rst few years following vaccination. Prevention of cervical
ancer will require many more years of protection, however,
r at least protection that lasts through the peak years in
hich individuals are most at risk of HPV infections that

ould lead to cancer. While it is likely that boosters would
e able to extend protection, should protection wane over
ime, the need for periodic vaccine boosters beyond the ini-
ial doses would render vaccination programs more complex
nd costly. These issues will be of great importance when
valuating the cost-effectiveness and overall desirability of
uch programs relative to alternative cervical cancer preven-
ion based on screening or a combination of vaccination and
creening.

.2.2. Defining optimal ages at vaccination
Given that the current HPV vaccines are likely to provide

xcellent prophylactic protection but at most limited thera-
eutic benefit, and that prevalence of HPV infection is usually
ighest in the first few years after initiation of sexual activity,
PV vaccination programs should target young adolescents
r pre-adolescents. However, should protection afforded by
PV vaccination be long-term or even lifelong, incorpora-

ion of HPV vaccination into existing childhood vaccination
rograms might ultimately prove to be a rational and cost-
ffective approach in many countries. This highlights the
mportance of understanding the durability of HPV vaccine
rotection.

Also poorly understood is whether vaccination of adults
s likely to be an effective way of reducing cervical cancer

orbidity and mortality. The potential benefit of vaccinat-
ng adults of various ages hinges on an understanding of the
ynamics of HPV infection. While prevalence of HPV infec-

ion peaks in the few years after sexual debut, not all women
re infected with the HPV types that current vaccines are
esigned to prevent, and a sizeable proportion of first HPV
nfections with types included in the vaccine might occur
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n later years. Also, individuals who are infected with HPV
ypes included in the vaccines and who clear these infections
ight be protected through vaccination against re-infection
ith the same HPV types in later years. An important question

s whether protecting from re-infection women who suc-
essfully cleared previous HPV infections in the absence of
accination would reduce cervical cancer rates. It is possible
hat efforts might be wasted on protecting those who do not
equire protection, while neglecting to protect those who are
ot innately able to clear infection and who are, therefore, at
ighest risk of developing cancer.

.2.3. Protection against HPV types other than
PV-16/18 (cross-protection)
Animal studies have suggested that protection afforded

y VLP-based HPV vaccination will be type-specific (see
hapter 12). Limited data from published human trials using

he Merck vaccine confirm this expectation [7]. In contrast,
reliminary results suggest the possibility that an HPV-16/18
accine might protect against infection by other HPV types
hat are phylogenetically related to either HPV-16 or HPV-18
8]. Additional formal evaluation of this question is needed
o that the degree of coverage provided by current generation
accines can be well understood.

.2.4. Treatment of established infections
HPV-DNA testing has been incorporated into cervical

ancer screening programs in some countries [2]. This has
esulted in the detection of asymptomatic HPV infections in
arge numbers of women who have no or only mild cytologi-
al evidence of disease. Women with evidence of oncogenic
PV infections might want to avail themselves of HPV
accination. Whether or not vaccination should be encour-
ged for such women is still unclear. Animal studies have
uggested that the effect of VLP-based HPV vaccines are
imited to prophylaxis, and that vaccination is unlikely to
rotect those already infected with the virus (see Chapter
2). Very preliminary human data suggest that any therapeu-
ic benefit of VLP-based HPV vaccination will be limited
t best [9]. Rapid, formal evaluation of this question will
e possible since large numbers of women with prevalent
nfection have already received HPV vaccination in phase III
rials.

.2.5. Efficacy in males
While the HPV vaccine is expected to be highly immuno-

enic for both genders, it is unclear whether vaccination of
ales is warranted or required for the prevention of HPV-

ssociated diseases, particularly, neoplasia. Given that the
ale external genitalia is not bathed in antibody-containing
ucus as is the case for the female reproductive tract, one
ight speculate that vaccination of males would be less effec-
ive at preventing HPV infection in males than vaccination of
emales. However, since the establishment of HPV infection
s believed to require skin abrasion and exposure of cells in
he basal layer of the epithelium, it is also plausible that anti-
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ody transudation resultant from abrasion would be sufficient
o protect males against infection. Another important aspect
f the HPV vaccine that is poorly understood is whether
ale vaccination would reduce transmission of HPV infec-

ion from males to females via reductions in infection in men
r in viral load; if so, two-gender vaccination programs might
rovide additional impact. Given that disease burden associ-
ted with HPV infection disproportionately affects females,
he ultimate decision of whether to vaccinate females only
r both females and males will likely be based in part on
hether an emphasis on achieving high coverage of vaccina-

ion among females is more or less effective than a strategy
hat targets both genders. Societal issues, including the need
o avoid stigmatizing women by targeting vaccination against
sexually transmitted infection to a single gender, will likely
lso influence decisions of whether males should be vacci-
ated. Furthermore, by including HPV types 6 and 11, the
erck vaccine may prevent genital warts in males. This addi-

ional benefit may impact decisions about vaccinating males.
o assist policymakers, data from efficacy studies in males are
eeded in conjunction with modeling efforts to evaluate the
arginal costs and benefits of including men in vaccination

rograms.

.2.6. Modulators of vaccine immunogenicity/efficacy
While carefully controlled trials have shown excellent effi-

acy among healthy individuals, it is not yet known whether
his high degree of protection will be broadly observed. It is
ot known, for example, how the vaccine will perform among
ndividuals infected with HIV. Similarly, it is not known how
he vaccine will perform among individuals with chronic
onditions, such as malaria, helminth infections or malnu-
rition. Answering these questions is of particular relevance
or African populations with high rates of HIV and other
hronic conditions affecting immune response.

Also, in some countries, vaccines other than the HPV
accine are recommended for adolescents. Although, most
on-live vaccines can be administered simultaneously with-
ut cross-interference on the immune response, simultaneous
dministration of HPV vaccines with other vaccines should
e assessed.

.2.7. Defining immunological mechanisms of action
A unique opportunity exists with the HPV vaccine to help

ur understanding of immunological mechanisms of pro-
ection against mucosal and sexually transmitted infections.
houghtful use of biological specimens and information col-

ected from participants in phase III trials would permit
n in-depth evaluation of protection mechanisms, which in
urn would help define minimal levels of immune response
equired for protection (below which boosting may be recom-
ended), surrogate markers of a protective immune response
hat could be used to expedite the development of second-
eneration vaccines (see below and Chapter17), and could
otentially inform efforts at developing new vaccines target-
ng other mucosal infections.
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.3. Design considerations for post-licensure studies of
afety and efficacy

Many questions will need to be answered using data col-
ected after licensure. Once a vaccine is licensed, the ethics
f conducting new placebo controlled trials could be ques-
ioned, making post-licensure evaluation of the HPV vaccines

ore difficult. While it is beyond the scope of this chapter
o review study designs that could be considered for post-
icensure studies, the following points are offered.

First, when the objective is to evaluate the vaccine in
roups where safety and efficacy is not yet established (e.g.,
IV-positive individuals), conduct of placebo-controlled tri-

ls will remain ethical post-licensure. Second, consider-
tion should be given to whether cytology and/or viral
creening constitutes an adequate alternative to vaccination
ithin clinical studies, and if so, whether implementation
f such programs would permit designs that include a non-
accination arm. It should be noted that high-quality screen-
ng could protect recipients more broadly than vaccination,
ince it is designed to detect cervical lesions regardless of
he HPV type involved. In contrast, available HPV vac-
ines are designed to protect only against lesions caused
y a subset of oncogenic HPV types. Finally, in instances
here the conduct of trials with a non-vaccination arm are
eemed unethical, consideration should be given to the need
or studies within populations with systematically collected
istorical rates that can be used as comparators for out-
omes of interest. For example, when evaluating the long-
erm safety of vaccination in a study without a placebo
rm, historical rates from population-based hospital registries
ould be useful. Similarly, when evaluating the long-term

mpact of vaccination on rates of cytological abnormali-
ies, data from population-based cytology registries would
e ideal. To the extent that population-based registries are
sed as comparators in these studies, the group of individuals
elected for study should be representative of the popula-
ion from which the registry data derive. In these instances,
ctive follow-up might also be required, to avoid underes-
imation of rates that result from more passive follow-up
tudies.

.4. Questions regarding vaccine effectiveness

Pre-licensure studies focus on evaluating efficacy of a vac-
ine under carefully controlled conditions. Strict eligibility
riteria are applied when selecting individuals for such stud-
es, and analyses used for licensure are typically restricted
o participants who comply with all protocol criteria. These
nclude receipt of all three doses of the vaccine within pre-
efined, restricted time windows, and the absence of evidence
f HPV exposure and disease prior to or during the vaccina-

ion period. While these restrictions are justified for formal
valuation of the ideal/maximal level of efficacy expected
rom a new vaccine, vaccination programs implemented post-
icensure may not achieve such maximal levels of success.

v
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valuation of vaccine effectiveness post-licensure is, there-
ore, critical to determine the real world impact of vaccination
rograms. This is particularly true for the HPV vaccine,
here the success of vaccination programs and their asso-

iated costs will need to be evaluated against that of or in
ombination with alternative cytological and/or HPV-DNA
creening programs [10,11].

In the chapter that follows (Chapter 28), some examples
f demonstration projects post-licensure are discussed. In
rinciple, these studies should be designed to answer the
ollowing question: “What is the impact of vaccination on
isease burden in my population?” Outcomes considered to
ddress this question will vary by population, depending in
art on whether effective and comprehensive cervical cancer
creening programs already exist, but could include cervical
re-cancers (cervical intraepithelial neoplasia grade three and
n situ cancers), and cytological abnormalities and/or HPV
nfections detected within existent screening programs that
equire medical interventions (e.g., colposcopic referral or
ore intensive screening). As highlighted above, it would

e ideal to conduct such demonstration projects in regions
ith established tumor/cytology registries to permit com-
lete ascertainment of outcomes. In regions where registries
re not in place or are incomplete, active follow-up may be
equired to ensure that the impact of the vaccination program
an be measured with accuracy. In such instances, virological
utcomes should be considered, as they represent necessary
ntermediate outcomes that precede the development of cer-
ical pre-cancers and cancer.

Unlike efficacy trials, demonstration projects that assess
accine effectiveness are likely to vary by population, where
ocial, behavioral, economic, and geographic conditions
ary. This makes results from such studies generalizable only
o regions with similar conditions to those where the demon-
tration project was conducted. Questions that need to be
ddressed within the context of vaccine introduction include
he possible impact on sexual behavior and health seeking
ehavior related to cervical cancer screening in countries with
xisting programs.

A unique aspect of post-licensure projects of the HPV
accine, in countries where implementation of cervical can-
er screening programs are also envisioned, will be the need
o evaluate alternative prevention methods that rely on vac-
ination alone, cytology or HPV DNA screening alone, or
combination of the two. Due to its complexity, evaluation
f these demonstration projects should be conducted in the
ontext of formal economic evaluation analyses that permit
areful comparisons between various prevention strategies
see Chapter 21) [10,11].

.5. Logistics of HPV vaccine implementation
The greatest benefit of HPV vaccines will be achieved if
accination is targeted to pre-adolescents and early adoles-
ents before sexual debut. The most appropriate age range
ill vary by country according to age of sexual initiation and
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ther important characteristics, such as school attendance or
ealth insurance availability.

Research is needed to identify optimal strategies for reach-
ng pre-adolescents and early adolescents, a population not
raditionally targeted for routine or mass immunization pro-
rams and one which has historically exhibited low rates of
ealth service encounters. Operational research could focus
n identifying whether school-based or vaccination in tradi-
ional medical settings achieve higher coverage. In countries
here primary or early secondary school enrollment is high
r expanding, evaluation of the proportion of young peo-
le who could be reached in schools could be informative.
he three-dose schedule will be challenging. For hepatitis
vaccine, compliance with the three-dose vaccine schedule

n adolescents proved difficult to achieve in some countries,
nd despite success in reducing access barriers, differences
n uptake persist across countries, and within countries by
thnicity, gender, and socio-economic class.

Any vaccination program should educate the population
egarding the need for vaccination to increase community
nderstanding. Most families are aware of the need for infant
mmunizations, but are uninformed of the need for immu-
ization adolescence. Motivating individuals and parents to
omply with vaccination recommendations could play a sig-
ificant role in efforts to achieve high coverage.

.6. Vaccine acceptability

The ultimate success of an HPV vaccination program will
epend on variables related to healthcare systems, providers,
nd parents/adolescents. Research has shown a high accept-
bility of HPV vaccines among parents, predominantly moti-
ated by a desire to protect their children [12]. Studies regard-
ng parental approval of HPV vaccination identified perceived
ulnerability of the child to infection and perceived emotional
everity of STIs as influencing factors, although, concerns
hat vaccination leads to unsafe sex remained an important
redictor of acceptance. Research directed towards health
roviders suggests acceptance is also high and that approval
y professional organizations increases acceptance. Most
esearch on HPV vaccine acceptability has been conducted
n developed countries, which have particular cultural and
conomic considerations that preclude application of results
n developing countries (see Chapter 24). Future research
hould focus at the level of healthcare systems, providers, and
atients and their families to identify potential barriers and
nablers for successful vaccination strategies, particularly in
eveloping countries. This should include research on high
isk, hard to reach populations to ensure uptake among those
ost at risk of cervical cancer death.

.7. Questions regarding alternative delivery

pproaches and second-generation vaccines

Efforts to develop HPV vaccines should not end after proof
hat first generation vaccines are safe and effective. First gen-

a
H
1
o

3 (2006) S3/227–S3/232 S3/231

ration vaccines are costly to produce and distribute, require
hat three doses be delivered intramuscularly to a difficult to
apture adolescent population over a 6-month period (assum-
ng lifelong protection), and provide coverage against two of
he over one dozen oncogenic HPV types (assuming lack
f cross-protection). Effective delivery of this first genera-
ion vaccine in poorer regions where HPV-associated disease
urden is highest will be a difficult endeavor that could ben-
fit from improvements in vaccine manufacturing, delivery,
dministration, and coverage.

Questions that should be the target of future investiga-
ions include whether simplified vaccination schedules are
s effective as the standard three-dose schedule (e.g., two
ather than three doses given one year apart). More research
ould be needed to determine whether alternative delivery
odes could be developed which simplify distribution and

dministration of the vaccine (e.g., needle-free delivery; sin-
le dose delivery using live vectors), or whether vaccines with
ncreased valency or that incorporate a therapeutic compo-
ent (e.g., vaccines that include or protect against additional
ncogenic HPV types) can be manufactured cost-effectively.
he reader is referred to Chapter 17 for a discussion of
econd-generation vaccine development efforts.

Evaluation of alternative schedules, delivery methods, and
econd-generation vaccines will require studies that demon-
trate equivalency/superiority of new approaches compared
o existent vaccines [13,14]. Such evaluation could require
arge, costly, and time-consuming trials that would signif-
cantly slow progress. To minimize delays in getting bet-
er, cheaper vaccines to countries with modest or limited
esources, validation of early surrogate measures of vaccine
fficacy, particularly immunologic, and virologic surrogates
re needed. As alluded to earlier, efforts to understand the
mmunological mechanisms of protection by HPV vaccines
ould lead to the identification of such surrogate markers
f protection that could be used to shorten the time and
ost associated with the evaluation of novel HPV vaccina-
ion approaches.

.8. Questions regarding natural history of HPV and
ervical neoplasia post vaccine introduction

Widespread implementation and use of effective preven-
ative vaccines will lead to the rise of a new focus in HPV
esearch post-vaccination, where the natural history of HPV
ypes not protected against by vaccination and their associ-
ted diseases will be explored. Among the many issues to
e addressed by this new generation of etiologic research is
he question of whether reductions in HPV-16/18 infections
esult in changes in the rates and distribution of infections
ith other HPV types, particularly, other oncogenic HPV

ypes. While previous data that different HPV types are

cquired independently [15] and that infection with multiple
PV types is common [16] suggest that replacement of HPV-
6/18 with other HPV types is unlikely, a formal evaluation
f this issue is needed before final conclusions are made.
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Table 1
Summary of gaps in our current understanding of HPV vaccines

Topic Specific issues that need to be addressed

(1) Vaccine safety Long-term safety profile
Safety during pregnancy

(2) Vaccine efficacy Duration of protection
Protection against types other than

HPV-16/18
Treatment of established infections
Efficacy in males
Modulators of vaccine

immunogenicity/efficacy
Defining immune markers of protection

(3) Vaccine effectiveness Monitoring via registries and/or active
follow-up

Region-specific impact of vaccination
on disease burden

Cost-effectiveness relative to alternative
vaccination/screening combinations

(4) Logistics of vaccine
implementation

Defining strategies for reaching
pre-adolescents and early
adolescents

(5) Vaccine acceptability Defining population-specific
barriers/enablers of vaccination
strategies

(6) Alternative delivery
approaches and vaccines

Simplified vaccination schedules
Alternative delivery modes
Increased valency
Addition of therapeutic component to

vaccine

(7) Natural history Replacement of HPV-16/18 with other
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post-vaccine introduction HPV types

. Summary

Safe and highly effective HPV vaccines under review by
icensing authorities are likely to become available for use
hortly. Enthusiasm for these new vaccines, while warranted,
hould not obscure the need for continued efforts to address
aps in our knowledge and to answer questions required to
ssist in the development and implementation of rational pro-
rams aimed at preventing HPV-related diseases. Some of
he gaps in our understanding have been highlighted in this
hapter. These are summarized in Table 1. Other questions are
ikely to arise in the future. Continued inquiry and attempts to
nswer these residual questions will hopefully ensure that ini-

ial enthusiasm for the HPV vaccine can be effectively trans-
ated into prevention programs that save lives and improve
he public’s health in a substantive manner throughout the
orld.
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